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Abstract: Cryosphere studies in High Mountain Asia (HMA) typically focus on glaciers, seasonal
snow cover, and permafrost. As an additional and mostly overlooked cryosphere component, aufeis
occurs frequently in cold-arid regions and covers extensive areas of the Trans-Himalaya and Tibetan
Plateau. This largely neglected cryosphere component generally forms in winter from repeated
freezing of seepage or overflow. In this article, the occurrence of aufeis fields in the endorheic Pangong
Tso Basin (PTB), with a total area of 31,000 km2, is inventoried and examined. Based on a semi-
automatic remote sensing approach using Sentinel-2 imagery, about 1000 aufeis fields were detected
in the spring of 2019, covering a total area of approximately 86 km2 and with an average individual
size of 0.08 km2, while the largest field covered an area of 14.8 km2. A striking contrast between the
northern and southern portions of the PTB characterized the spatial distribution of large aufeis fields.
All large (>0.5 km2) and 13 persisting aufeis fields were located along broad valleys in the northern
portion. Furthermore, a multi-temporal comparison between 1994 and 2023 shows that the number
of remaining aufeis fields in autumn varied between 8 and 29, with a maximum in 2019. Their total
area ranged between about 0.3 km2 in 1994 and 2023 to about 1.2 km2 in 2015 and 2019. This study
complements recent aufeis inventories from the Trans-Himalayan region of Ladakh and closes the gap
to the Tibetan Plateau.

Keywords: aufeis; cryosphere; permafrost; remote sensing; Sentinel-2; High Mountain Asia

1. Introduction

A decline of the cryosphere due to climate change can be observed in all high moun-
tain regions [1]. In the long run, this trend will adversely affect water availability, espe-
cially in regions where cryospheric meltwater plays a significant role in the hydrological
system [2–5]. This will pose increasing risks for local communities [6–9]. In contrast to the
mass loss of glaciers [10–12], the depletion of snow cover [13,14], and the degradation of
permafrost [15,16], the importance of a largely neglected cryospheric component, aufeis, is
still at an exploratory stage. Its role and traditional use as an adaptation strategy against
seasonal water scarcity have been reflected in several studies [17–20]. Aufeis, also known
as “icing”, “naled”, or “taryn”, refers to layered, surficial ice formed seasonally by re-
peated freezing of meltwater, ground water, or spring water on already frozen surfaces [21].
Frequent freeze–thawing cycles in permafrost areas are presumably responsible for its
formation [22–25]. It is often formed in close proximity to rivers, streams, or springs, where
water repeatedly emerges through frozen layers and refreezes on the surface. Due to this
process, aufeis can accumulate into compact bodies several meters thick and of varying sizes.
Under optimal conditions, it can even persist in places throughout the year [21,26,27]. A
variety of factors contribute to the formation of aufeis. These include surface and groundwa-
ter dynamics, topographical settings, climatic conditions, seasonal snow cover, geological
and soil conditions, and the presence of permafrost [28].

Atmosphere 2024, 15, 263. https://doi.org/10.3390/atmos15030263 https://www.mdpi.com/journal/atmosphere

https://doi.org/10.3390/atmos15030263
https://doi.org/10.3390/atmos15030263
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/atmosphere
https://www.mdpi.com
https://orcid.org/0009-0000-6431-4170
https://orcid.org/0000-0001-5704-0634
https://orcid.org/0000-0002-6200-4539
https://orcid.org/0000-0002-8626-8336
https://doi.org/10.3390/atmos15030263
https://www.mdpi.com/journal/atmosphere
https://www.mdpi.com/article/10.3390/atmos15030263?type=check_update&version=1


Atmosphere 2024, 15, 263 2 of 15

In contrast to studies in permafrost regions of Siberia and Alaska [21,24,28–30], long-
term observations of aufeis distribution in High Mountain Asia (HMA) are still rare [31–34],
although some researchers have already described the occurrence of aufeis in the Pangong
Tso Basin (PTB) and neighboring regions since the mid-19th century [35–37]. Original
quotations illustrate the historical evidence of aufeis in PTB. Strachey [35] (54) described
“the occurrence of certain permanent beds of frozen snow” at “two or three places of the
Changtang in the middle of summer. The Tibetans call these snowfields Dar, and assert
them to be permanent, and constant from year to year in the same places. The largest were
in a wide sunny valley, among low snowless mountains; and all of them in the beds of
rivulets where most flat and marshy; the snow always hard frozen”. The same ice fields
were described by de Terra [36] (30f), who highlighted that the same “field was observed
in 1848 by Strachey, whose description made it equally thick but 84 years in an open
valley seems to argue against climatic oscillations of such magnitude as might otherwise be
inferred from the changes of lake levels in the neighborhood”, suggesting multiple year
perseverance or seasonality [36]. This article presents the first detailed inventory of aufeis
distribution in the endorheic Pangong Tso Basin using Sentinel-2 imagery. It complements
recent aufeis inventories from the Trans-Himalayan region of Ladakh [31,32] and closes the
gap to the Tibetan Plateau. It also analyzes the occurrence of giant aufeis fields (>0.5 km2)
and identifies perennial aufeis patches at the end of the ablation season and their occurrence
over the last four decades using Landsat imagery.

2. Study Area

Covering an area of approximately 31,000 km2, the endorheic PTB is located in the
transition zone between the eastern Trans-Himalayan and Karakoram ranges of Ladakh and
the western parts of the Tibetan Plateau (Figure 1). The study area is bounded by the Chang
Chenmo mountain ranges in the north and the Pangong Range as well as the Kailash Range
in the south, all with elevations up to 6600 m a.s.l. Between these mountain ranges, there is
a plateau with wide valleys and tectonic basins [38] characterized by lakes of different sizes.
The largest saline lake is Pangong Tso, which covers an area of approximately 680 km2 at
an elevation of 4225 m a.s.l. [39–42] (Figure 2). Pangong Tso and its tectonic continuation
to the east divide the study area into a northern and a southern portion of almost equal
sizes of 14,750 km2 and 16,484 km2, with mean elevations of 5083 m a.s.l. and 4912 m a.s.l.,
respectively.

The sparse vegetation is mainly confined to wetlands with moist alluvial and organic-
rich soils around lakes, rivers, and streams. Hillslopes are sparsely vegetated, and desert
steppe plant communities such as Stipa, Oxytropis, Acantholimon lycopodioides, Thylacosper-
mum caespitosum, and Kraschenninikovia ceratoides are dominant [43,44]. Wetlands serve as
seasonal grazing and resting areas for livestock [45] and as breeding habitat for birds [46].
Due to the harsh environmental conditions of the PTB, nomadic pastoralism has historically
been the main source of livelihood [47–49]. Despite the disputed territoriality along the
contested border region, which limits access for field surveys [50], the settlements along the
southern and western shore of Pangong Tso have become tourism hotspots. Due to inade-
quate infrastructure, increased tourism has taken its toll on the fragile ecosystem [46,51,52].

Due to the cold-arid conditions, mean annual precipitation of about 100 mm, and
annual temperatures ranging from −15 ◦C in January to 10 ◦C in July [53–57], the streams
and rivers are mainly fed by meltwater from seasonal snow cover and high-altitude
glaciers [58,59]. Due to massive morainic valley fills in these broad valleys resulting from
the Pleistocene glaciation [42,60], water discharge varies between surface and subsurface
runoff [61]. The resulting meltwater streams along the valleys create favorable conditions
for aufeis formation. Especially in the northern portion of the PTB, large and wide val-
leys with low gradients and braided streams characterize the landscape. In contrast, the
southern portion of the PTB is dominated by short and narrow valleys.
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3. Materials and Methods
3.1. Materials

Cloud-free Sentinel-2 data from spring 2019 were applied for the aufeis inventory
and from autumn 2019 for the identification of perennial aufeis fields in the study area.
According to studies in the vicinity of the PTB [31,32], aufeis fields reach their maximum
extent in May and can be easily separated from the surrounding snow- and ice-free land
cover. The smallest ice-covered area occurs in early autumn. Due to frequent night-time
temperatures below 0 ◦C, the accumulation process regularly starts in October. Level-1C
products (top-of-atmosphere) of Sentinel-2 were used to avoid artefacts and oversaturation,
which often occur in Level-2A (surface reflectance) products in arid mountainous areas. To
reduce the number of misclassified pixels, only images with low snow cover were selected
for further processing. Due to the size of the PTB, nine tiles from five different dates were
used for each season (Table 1).

Table 1. Satellite imagery and digital elevation models and their derivates used for the detection and
analysis of aufeis in the Pangong Tso Basin (PTB).

Dataset Tiles Acquisition Date
(Spring)

Acquisition Date
(Autumn)

Spatial
Resolution

Spectral
Resolution

Sentinel-2 a

T44SKC 10 May 2021 12 September 2019,
23 September 2023

10 m
20 m

VIS *, NIR *
SWIR 1 *

T44SLD 27 April 2019 14 September 2019,
23 September 2023

T44SLC 20 April 2019
7 May 2019

12/19 September 2019,
23 September 2023

T44SLB 5/7 May 2019 7/9 September 2019,
23 September 2023

T44SMD 5/7 May 2019 9 September 2019,
23 September 2023

T44SMC 5/7 May 2019 9 September 2019,
23 September 2023

T44SMB 5/7 May 2019 9 September 2019,
23 September 2023

T44SNC 20 April 2019 9 September 2019,
23 September 2023

T44SNB 7 May 2019 9 September 2019,
23 September 2023

Landsat 5 b 145/037 24 September 1994

30 m VIS *, NIR *Landsat 7 b 145/037 29 September 1999
Landsat 5 b 146/036 23 September 2023
Landsat 8 b 146/036 8 September 2015

ALOS World
3D/AW3D30 c

N033-34E078
N032-34E079
N032-34E080
N032-34E081

30 m

Hydro
SHEDS d

HydroBASINS
HydroRIVERS

* Abbreviation of satellite bands visible (VIS), near-infrared (NIR), and short-wave infrared 1 (SWIR1). a https://
dataspace.copernicus.eu/browser/ (accessed on 19 October 2023); b https://earthexplorer.usgs.gov/ (accessed on
19 October 2023); c https://www.eorc.jaxa.jp/ALOS/en/dataset/aw3d30/aw3d30_e.htm (accessed on 19 October
2023); d https://www.hydrosheds.org/ (accessed on 20 October 2023).

To further analyze the potential persistence of individual aufeis fields over the recent
decades, Landsat imagery was integrated as an additional data source, as it is the only
available satellite data that can be used for comparison with high spatial resolution over
decadal observations. However, cloud cover and partial data gaps due to ground station
malfunction over the HMA limited the suitable time intervals [32]. Therefore, four Landsat

https://dataspace.copernicus.eu/browser/
https://dataspace.copernicus.eu/browser/
https://earthexplorer.usgs.gov/
https://www.eorc.jaxa.jp/ALOS/en/dataset/aw3d30/aw3d30_e.htm
https://www.hydrosheds.org/
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datasets from September 1994, 1999, 2009, and 2015 and Sentinel-2 images from 2023 were
selected.

The ALOS Global Digital Surface Model (AW3D30) with a spatial resolution of 30 m
was used as an additional input for the classification and for the estimation of topographic
parameters such as elevation, slope, and aspect of aufeis. The endorheic PTB was delineated
from the HydroBASINS datasets of the HydroSHEDS project. Streams and rivers were
extracted from the HydroRIVERS dataset [62].

3.2. Methods

The Sentinel-2 tiles were mosaicked and resampled to a spatial resolution of 10 m for
visual interpretation and to a spatial resolution of 30 m for comparative mapping purposes
with other aufeis inventories using Landsat imagery [24,29–33,63] and to match the spatial
resolution of the AW3D30. The mosaicked satellite images were classified using a decision
tree approach, which is based on a series of binary decisions with predefined thresholds
that assign each pixel to a distinct class (Figure 3). The advantage of this approach lies in
the individual setting of thresholds and in its easy reproducibility. It is commonly used in
aufeis detection [24,29,31,33] and glacier mapping [64–67].
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For the first node of the decision tree, the Normalized Difference Water Index (NDWI) [68]
was utilized:

NDWI =
Green − NIR
Green + NIR

(1)

A threshold of <0.3 was set to mask the lakes in the PTB. In the second and third decisions,
the Normalized Difference Snow Index (NDSI) [69] was utilized:

NDSI =
Green − SWIR1
Green + SWIR1

(2)

A threshold of >0.4 and a slope angle of < 20◦ derived from the AW3D30were used to
separate pixels covered by aufeis from snow. Inventories of the neighboring regions indicate
that the majority of aufeis fields are located on slopes of less than 10◦ [31–33]. As most of
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the aufeis fields occur in the vicinity of rivers and streams, the HydroRIVERS dataset was
used with a buffer of 200 m to further eliminate misclassifications, for example, caused by
seasonal snow cover, especially in the upper catchments.

The classified aufeis pixels were converted into vector features. Remaining misclassifi-
cations in the transition zone between the valley floor and adjacent slopes were manually
removed. Aufeis located outside the buffer were manually added. Aufeis fields with an area
of less than four Landsat pixels (3600 m2) were removed to ensure comparability with other
datasets [28,32]. The mapped aufeis fields were divided into two distinct areas: the northern
and the southern portion of the PTB. The topographic parameters of all aufeis fields, such
as elevation, slope, and aspect, were derived from AW3D30 on a pixel-by-pixel basis.

The Sentinel-2 imagery of autumn 2019 were classified in order to map the occurrence
of perennial aufeis fields. For this purpose, the spring 2019 aufeis extent was used as a
clipping mask. In order to investigate their persistence over several time periods, the five
Landsat images from September 1994, 1999, 2009, and 2015 as well as the Sentinel-2 image
from 2023 were classified using the NDSI threshold and clipped to the spring 2019 aufeis
extent. Subsequently, aufeis fields smaller than 3600 m2 were removed.

In the final step, the uncertainty was estimated with a half-pixel buffer for each aufeis
field (±15 m). The error estimation was calculated by the standard deviation of the sum
of the error for each aufeis field [31]. Further field-based accuracy assessments using in
situ observations and measurements were not possible due to restricted access along the
disputed border. However, field surveys and measurements were conducted in the Upper
Indus Basin (UIB) and the Tso Moriri Basin in the immediate vicinity of the PTB in the
winters of 2014, 2016, 2023, and 2024.

4. Results

The aufeis distribution shows a distinct concentration along the rivers and streams
that drain the glacierized mountain ranges in the southern and northern portions of the
PTB. The characteristic locations of aufeis fields in the northern portion of the study area
are illustrated in Figure 4.
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in Figure 1) at an elevation of 5050–5070 m a.s.l. divided into three patches of 0.14 km2, 0.08 km2,
and 0.04 km2, respectively. Right: The example (yellow rectangle no. 2 in Figure 1) shows that the
northern aufeis field (0.21 km2) at an elevation of 5100–5200 m a.s.l. divided into two patches, while
the smaller southern field of 0.15 km2 shrunk to 0.02 km2.

In the northeastern part of PTB, an area of about 41 km2 was covered by aufeis, where
a braided river system was established, forming a cascading sequence of aufeis fields. In
this area, the largest aufeis field with an area of 14.8 ± 0.01 km2 was detected along a broad
valley in the northern portion. It is striking that almost no aufeis fields were detected in the
eastern part of PTB (Figure 5).
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In total, 1022 aufeis fields were detected in spring 2019, covering an area of 85.6 ± 0.07 km2

with an average size of 0.08 km2. Overall, 86% of them were smaller than 0.05 km2 and
covered an area of only 10.5 ± 0.01 km2, while 82 were larger than 0.1 km2, accounting
for 82% (70.8 ± 0.19 km2) of the total area. Twenty-three individual aufeis fields were even
larger than 0.5 km2; these are considered giant aufeis according to the threshold used by
Ensom et al. [28]. Their spatial distribution was strictly limited to the northern portion of
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the PTB. This results in a striking contrast between the northern and southern portions, as
74.2 ± 0.09 km2 or 87% of the total aufeis-covered area was located in the northern portion,
although only less than half of all individual aufeis fields were located there. This difference
is also apparent in their average size: 0.02 km2 and 0.16 km2 in the southern and northern
portions, respectively.

The elevation distribution of all aufeis-covered areas ranged from 4250–5600 m a.s.l.
(Figure 6). In total, 53% of these areas were located between 4800 m a.s.l. and 5100 m a.s.l.,
with a slight increase in elevation towards the north. Thus, in the northern portion, 34 km2

of the area covered by aufeis was located in the elevation range 4900–5100 m a.s.l., while in
the southern portion, most of the aufeis was located between 4700 m a.s.l. and 4900 m a.s.l.
Accordingly, the average elevation in the northern portion is almost 100 m higher than in
the southern portion, where the average elevation is 4860 m a.s.l. Giant aufeis fields are
restricted to the elevation range 4800–5100 m a.s.l.
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We found that 87% of the aufeis-covered area in the PTB was located on gentle slopes
of less than 5◦ (Figure 6). In the northern portion of PTB, 90% of the ice-covered area
belonged to this slope class, whereas in the southern portion, only 50% belonged to this
class. However, the percentage of aufeis (10%) on slopes steeper than 10◦ was higher in the
southern than in the northern portion (2%).

Approximately 60% of the total aufeis area was located on east-, southeast-, and south-
facing slopes (Figure 6). While the distribution in the northern portion was predominantly
southeast- and east-facing, only 5 to 10% of ice-covered areas in the southern portion
belonged to this class. Instead, almost 20% of the ice-covered area faced north and northeast.

In total, 14 aufeis fields had not completely melted and had fragmented into 29 smaller
patches by autumn 2019 (Figure 7). The remaining patches covered an area of 1.2 ± 0.02 km2,
with an average size of 0.04 km2. Almost half of these patches belonged to the size class
0.01–0.05 km2, while four of them were larger than 0.1 km2 and covered a total area of
0.75 ± 0.01 km2. All of these perennial aufeis patches were located in the northern portion
above 5000 m a.s.l., while 74% of the area was between 5200 and 5400 m a.s.l. Overall, the
mean elevation was almost 300 m higher in autumn than in spring, amounting to 5272 m
a.s.l. compared to 4935 m a.s.l., respectively. Furthermore, the perennial aufeis patches were
predominantly located on east-, southeast-, and south-facing slopes with a gradient of less
than 5◦ (Figure S1).
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5. Discussion

The semi-automatic remote sensing approach enables the detection of aufeis in cold-
arid environments, as the generally low amount of snow cover reduces the risk of mis-
classification, which is further minimized by the use of a buffer mask along the rivers
and a maximum slope gradient of 20◦. Thus, manual corrections are required to detect
groundwater-fed aufeis on slopes > 20◦. The selected observation period controls the de-
tected amount and size of aufeis. In contrast to glacier inventories, where the end of the
ablation season in a given year is chosen to determine the extent of the glacier, the time
used to map the maximum extent of aufeis varies and ranges from early spring (March) to
early summer (June) [24,29,32,33,70], which may be further influenced by the availability of
suitable optical satellite imagery. The increasing availability of (free) optical remote sensing
imagery has the potential to contribute to efforts to produce spatially consistent maps of
aufeis, to quantify aufeis distribution on regional and global scales, and to better understand
its environmental [71] and socio-hydrological [18,72] importance, both of which have been
largely overlooked in research.

In the cold-arid PTB, more than 1000 aufeis fields were mapped, covering an area
of 86 km2. As in the UIB, where an increasing number of aufeis fields towards the east
were detected, these observations underline the fact that cold-arid conditions without thick
seasonal snow cover provide the most favorable conditions for aufeis formation [26,73].

The elevation distribution of aufeis fields in the endorheic PTB is similar to the adjacent
larger UIB, where most aufeis fields are located between 4900–5000 m a.s.l. [31]. However,
in the neighboring Kunlun Mountains, the maximum of aufeis area is located at lower
elevations between 4000 m a.s.l. and 4400 m a.s.l. [33]. In this elevation range, almost no
aufeis has been identified in the PTB, although it represents the third-largest elevation range
in the basin. These relatively low-lying areas are mainly located in the eastern part and in
close proximity to Pangong Tso. In this area, ice formation is mostly confined to isolated,
sporadic patches adjacent to the saline lakes, probably also caused by the lack of perennial
streams. Similar patterns have already been described in early exploration reports [51],
where the absence of streams in the vicinity of the lakes were mentioned. In the same text,
Godwin-Austen assumed that water flows over the surface of ice-covered lakes in winter,
when the pressure becomes too high, resulting in an overflow and the formation of thick
layers of ice along the shores.

A significant difference in the size of aufeis fields between the northern and southern
portions of the PTB is a characteristic feature of the regional cryosphere (Figure 5). Follow-
ing the approach of Ensom et al. [28], 23 aufeis fields in spring could be considered as giant
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aufeis (>0.5 km2); all of them were located in the northern portion of the PTB, whereas none
of the remaining aufeis patches exceeded this threshold. A major reason for this striking
contrast can be attributed to topographic factors. Broad valleys and braided river systems
are mostly located in the northern portion of the PTB. Such geomorphological settings
are considered favorable for the development of large aufeis fields [74,75]. The wide and
shallow valley bottoms, where discharge can fluctuate between surface and subsurface flow,
favor freezing to the bottom of the stream, leading to a blockage of the streamflow, which
results in an increase in hydrostatic pressure and overflow of water to the surface. Visual
verification using high-resolution Google Earth imagery as well as Sentinel-2 imagery
revealed clearly identifiable water sources percolating through the riverbed sediments.
Similar patterns have already been observed in the endorheic Tso Moriri Basin, located
to the south of the PTB, where the size of the aufeis fields ranges from 0.007–1.7 km2 [32].
In contrast, the rugged topography and narrow valleys in the southern portion of the
PTB result in smaller aufeis fields, which can also be detected in the UIB [31]. In addition
to the river morphology, the glacierized area is substantially larger in the northern than
in the southern portion of the PTB. This leads to an increased meltwater runoff, which
may contribute to groundwater recharge in spring and summer. The aufeis can therefore
be seen as an indicator of complex surface–groundwater interactions in this permafrost
environment [76].

Although giant aufeis are usually associated with sub-permafrost water sources, supra-
permafrost perennial groundwater systems in a talik may also contribute to large aufeis
formation [77,78]. The presence of taliks along the streams in the PTB cannot be verified
due to the lack of field-based in situ data; their occurrence remains an open question.
Research on the interactions between the thickness of aufeis and the associated talik would
contribute to an improved understanding of cryo-hydrological processes in the permafrost
zone in order to predict changes in aufeis dynamics in HMA. Changes have already been
observed in other aufeis-affected regions, where the number and size of large aufeis fields
are decreasing [24,27,29,79].

Persisting aufeis in autumn can already be observed on historical photographs from the
19th and first half of the 20th century [35–37] in and around the PTB, but they have not been
detected in remote sensing data. In the present study, several enduring aufeis patches were
identified in the northern portion of the PTB in autumn 2019. All of them were remnant
patches of spring 2019 aufeis fields larger than 0.5 km2, while the largest aufeis field from
the same observation had completely disappeared. A first visual assessment of remnant
aufeis fields in the PTB over the observation period 1994–2023 provides evidence that these
remaining patches were almost always located at the same topographic locations. It also
demonstrates that site-specific characteristics facilitate the development of ice bodies that
are thick enough to withstand the ice loss through melting and sublimation. While remote
sensing data provide valuable insights into the aufeis conditions in the region, it remains
difficult to explain the exact factors contributing to the persistence of the ice patches at the
specific locations solely based on satellite imagery. Therefore, in situ investigations are
essential to further elucidate the complex mechanisms for aufeis formation [28].

6. Conclusions

In this study, aufeis occurrence in the PTB was mapped using Sentinel-2 imagery from
2019 in spring and autumn based on a semi-automatic decision tree approach. In total, the
aufeis covered an area of 86 km2 in spring, with elevations ranging from 4200–5700 m a.s.l.
A striking contrast in aufeis formation was detected between the northern and the southern
portions of the PTB and was caused by differences in geomorphological settings, mainly the
presence of broad valley floors north of Pangong Tso. In the northern portion, 23 individual
aufeis fields were larger than 0.5 km2 in spring and were considered as giant aufeis. By the
end of the ablation period in 2019, 14 aufeis fields had not completely melted and were
fragmented into 29 smaller aufeis patches, some of which had been detected in the same
locations in different years since 1994. This study is a further contribution to ongoing efforts
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to map aufeis in the cold-arid regions of HMA. It complements existing inventories and
closes the gap towards the Tibetan Plateau, where extensive aufeis formation is expected.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/atmos15030263/s1, Figure S1: Elevation, slope, and aspect of
aufeis in Pangong Tso Basin (PTB) in autumn 2019; Figure S2: Reoccurring spatial pattern of remaining
aufeis fields in the northern portion of the Pangong Tso Basin (PTB) between 1994 and 2023.
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